Introduction
The continuing need for rapid and accurate identification of fungi is mandated for both research and clinical mycology laboratories. For the mycology research laboratory, a rapid, low-cost method for assessing fungal growth, purity of culture, or pathogenesis in infected tissues is requisite. For the clinical mycology laboratory, the rapid identification of fungi in patient specimens is necessary because of the increasing frequency of opportunistic infections in patients with the acquired immune deficiency syndrome and other immunocompromised states.
At the present time, most laboratories rely on in vitro cultures as the accepted standard to specifically identify fungi in research or clinical specimens. These cultures, however, may require several days for adequate growth and analysis. Personnel in clinical labora- reactivity with any other fungus tested. However, the antisera raised to Aspergillus, tories perform special staining reactions such as the Grocott methenamine silver (GMS) or periodic acid-Schiff (PAS) reactions in an effort to histologically identify the presence of fungi in tissues with suspected fungal infections. These stains, however, cannot distinguish with certainty many morphologically similar but culturally distinct fungi. Other methods based on immunodiffusion (1-5) or serum complement fixation (4,5) reactions have been described as a means to identify the presence of a host immune response to specific fungal antigens. These methods, however, require an immunocompetent host and the time for an immune response to develop. In addition, they cannot demonstrate by morphology the presence of fungi within tissues in an area of infection. It has also been reported that these techniques may produce false-positive reactions (6) or nonspecific crossreactions between different fungi (7), thereby confounding interpretation. In view of these limitations, we have examined the use of immunocytochemistry to rapidly and more specifically identdy various fungi (including those of the genera Aspergil'l'us, Blastomyces, Candida, Coccidioides, Cryptococcus, Histopl'asma, and Sporothrix) commonly cultivated from patients with opportunistic infections. To accomplish this, we have developed a multifungus control grid system that allows evaluation of primary antifungal antibodies for immunocytochemical reactivity and predicts their effectiveness in identdying specific fungi in fomalin-fixed, paraffin-embedded sections of clinical specimens. 
Materials and Methods
A n k . Primary polyclonal antisera raised against specific fungal genera and principally used for immunodiffusion and/or complement fixation assays were obtained (Immunomycologics, Norman, O K Meridian Diagnostics, Cincinnati, OH). Antisera were diluted with primary antibody diluent (Research Genetics; Huntsville, AL) at the specified titers (liable 1). The optimal titer for each antiserum was determined by visually evaluating the strength of immunoreactivity ultimately produced by the assay without nonspecific background labeling artifact. Antisera subsequently determined to be crossreactive (see below) were adsorbed (16 hr, 4°C) with a 2% (v/v) suspension of the formalin-fixed fungus to which crossreactivity was observed. Adsorbed sera were then purified by passage through an 0.45-pm centrifuge filter unit (Spin-X Costar, Cambridge, MA).
Fungus Controls. Each antiserum was evaluated for its reactivity towards the fungus to which it had been raised. In addition, each antiserum was evaluated for crossreactivity with other genera of fungi commonly seen in opportunistic infections. Fungi from each of the genera including Aspergillus, Blastomyces, Candih, Coccidioides, Histoplasma, and Sporotbrix (obtained from the Centers for Disease Control, Atlanta, GA) were allowed to grow in culture media at temperatures that favored the development of a yeast or hyphal morphology most similar to that observed during human infection in vivo. The fungi were then rendered non-viable by resuspension in 10% neutral buffered formalin. A 2% (wlv) aqueous solution of hot molten agar (Sigma; St Louis, MO) containing one of several histochemical dyes (Basic Fuchsin, Bismark Brown, Coomassie Brilliant Blue, Carmine, Congo Red, Mercurochrome, Phloxine B) was then added to each formalin-fixed culture and the resulting colored suspensions were allowed to solidify in glass petri dishes. After solidification, cylindrically shaped, dyed agar plugs containing the embedded fungi were cut from the petri plates with a soda straw. The peripheral margins of the agar plugs were then marked with India ink, which was fmed to the agar surface by a 20-sec exposure to acetone. The agar plugs were then placed in formalin for 4 hr to ensure complete fixation before dehydration through a series of alcohols and infiltration with paraffin in a standard tissue processor. One of each of the differently color-coded agar plugs (each containing a different fungus) were placed together in tissue cassettes and embedded in paraffin (Figure 1 ). Five-pm thick sections were cut from these paraffin blocks and immobilized on positively charged glass microscope slides (ProbeOn Plus; Fisher Scientific. Pittsburgh, PA) as previously described (8) . As such, a single paraffin block containing many different paraffin-embedded agar plugs produced a control slide with a grid of many known fungi arranged in a specific orientation. These multifungus grids were used in the immunocytochemical assay to simultaneously evaluate the specific reactivity and nonspecific crossreactivity of a given antiserum.
Tissues. All clinical specimens used in this study were obtained from the surgical pathology and necropsy files of the Oklahoma Memorial Hospital and the Veteran's Affairs Medical Center, Oklahoma City, OK. Tissues demonstrating culture-confirmed infections by Aspergillus (five cases), Candida (nine cases), Histoplasma (five cases), Ctyptococcus (five cases), Coccidioides (two cases), and Mucor (one case) genera were used as controls to evaluate the reactivity of the individual antisera on formalin-fixed, paraffin-embedded tissues. All tissue sections were cut to a thickness of 5 pm and were immobilized on positively charged glass identical to that used for the multifungus grids.
Immunocytochemistry. All reagents used in the immunocytochemical assay were applied to and subsequently removed from the slides containing the multifungus grids or immobilized paraffin-embedded tissues by the process of capillary action (8.9). The rapid (less than 1 hr) immunocytochemical assay was performed as described elsewhere (10) . Briefly, the multifungus grids or paraffin-embedded tissues were dewaxed, rehydrated through a graded series of alcohols, and then digested with pepsin (11). Trislalcohol buffer (50 mM Tris base, 0.025 mM thimerosol, 0.05% (vlv) Brij-35, 0.05% (vlv) Tween-20, 0.25% (vlv) glacial acetic acid, 10% (vlv) ethanol, pH 7.51 was used to wash the tissue sections after each of the remaining steps in the assay. Diluted primary antisera (Tible 1) were then applied to the multifungus grids or paraffin-embedded tissues for 8 min at 45°C. A pre-diluted mixture of biotinylated secondary antibodies (Biomeda; Foster City, CA), including anti-goat and anti-rabbit sera, was then applied for4 min at 45'C. An avidin-conjugated alkaline phosphatase detection system (Dako; Carpinteria, CA), diluted 1:200, was next applied for 4 min at 45%. The phosphatase reaction was visualized with naphthol AS-MX phosphate (Sigma)/Fast Red TR (Amersco; Solon, OH) chromogen solution (11) . The multifungus grids and tissue sections were counterstained with hematoxylin, mounted in Universal Mount (Research Genetics; Hunts-ville, AL), and viewed with a standard light microscope using brightfield optics.
Results
Each of the primary antisera evaluated showed strong reactivity with the fungal genus against which it had been raised (Figure 2) when tested against the multifungus grids. The immunocytochemical labeling was uniformly distributed over the entire organism and recognized all forms of growth for a given fungus (e.g., yeast and hyphae/pseudohyphae). Antisera raised to Can&& and Cryptococcus genera did not crossreact with any of the other fungi tested. However, antisera raised against Aspergillus, Blastomyces, Coccidioides, and Histoplasma had significant crossreactivity with other fungi ( Table 2 ). The crossreactivity observed for these antisera was not removed by specific adsorption with suspensions of the crossreacting fungus. In all cases, the crossreactivity was strongest with Candida. When adsorption was performed by prolonged incubation (24 hr, 4°C) of the crossreactive antisera with 2% (v/v) suspensions of Candida albicans, all reactivity, including presumed specific reactivity, was lost. Adsorption of all antisera with homologous antigens (fungi) resulted in loss of reactivity as well. The antiserum raised to Sporotfirix crossreacted with Candida only; however, this feature was eliminated by specific adsorption.
The crossreactivity was not removed by incubation of the primary antisera with chitin (poly N-acetyl glucosamine, a polysaccharide common to the cell walls of many fungi) or L-arabinose and L-mannose (monosaccharide constituents of many potential antigens in the cell walls of many fungi).
Tissues containing culture-confirmed infections with Candidz (nine cases) and Cryptococcw (five cases) were likewise equally strongly reactive with the respective antisera ( Figure 3 ). Similar to the results observed for the multifungus grids, the antisera raised to Can&&, C1yptococcus, and SporotfiruC (adsorbed) did not crossreact with tissues demonstrating culture-confirmed infections with other common opportunistic fungi including Aspergillus, Coccidioides, Histophsma, or Mucor genera. In addition, primary antisera raised to Aspergillus, Bhstomyces, Coccidioides, and Histoplasma (adsorbed or unadsorbed) demonstrated a spectrum of crossreactivity with other fungal genera in infected tissues as had been observed with the multifungus grids.
The strength of the immunocytdemical labeling, whether performed on multifungus grids or tissue sections, was enhanced by enzymatic digestion with pepsin, a feature previously reported for other tissue antigens (12) . The spectra of crossreactivity demonstrated by the antisera raised against Aspergillus, Blastomyces, Coccidioides, and Histoplasma were not affected by pepsin digestion.
The multifungus grids provided a simple and accurate screen of antibody sensitivity and specificity and allowed determination of appropriate titers for the immunocytochemical assay without consuming the sometimes scant amount of infected tissues available. The identity of each fungus in the grid was easily determined by the orientation of the color-coded, paraffin-embedded agar plugs, since the colored dyes were not removed by tissue processing. Since the colored dyes were indistinguishable in the 5-wm thick sections of the grids that were placed on microscope slides, the India ink marking the periphery of each agar plug was used to rapidly locate each fungus.
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Discussion
In this report we demonstrate the rapid (less than 1 hr) and specific immunocytochemical identification of several fungi with commercially available primary antisera. The reactivity and specificity of each antiserum reported here was examined against pure cultures of fungi embedded in agar as well as in clinical specimens demonstrating culture-confirmed infections. Antisera raised to the fungal genera Can&& and Cyptococcus were strongly reactive and did not demonstrate crossreactivity with any other fungus tested. The antiserum raised to Sporotfirix was also strongly reactive but demonstrated weak crossreactivity with Can&&, a feature which was lost after specific adsorption. Given the large numbers of fungal genera known to exist, it was not feasible to test the absolute specificity of these three antisera. However, it was possible to test these antisera against morphologically similar fungi that are endemic to our geographic area and which are common opportunistic pathogens.
Antisera raised to the fungal genera Aspergillus, Blastomyces, Coccidioides, and Histoplasma showed strong reactivity with the fungi against which they were raised but also demonstrated significant crossreactivity with several other fungi, a property that obviates their use in an immunocytochemical assay to specifically identify a given fungus. The fact that these same antisera are adequate when used in immunoprecipitation and complement fixation reactions indicates that immunocytochemistry may require more specific antisera for detecting these organisms than do the other two reactions.
The immunocytochemical method used here requires less than 1 hr to complete and represents a significant reduction in the time needed to perform such an assay (12-16). Furthermore, the time needed to complete this assay is approximately the same as that needed to perform a GMS or PAS staining reaction (17). As such, the immunocytochemical assay can rapidly provide additional information not rendered by special stains.
The use of multifungus grids in the immunocytochemical assay provides a method for simultaneously addressing both reactivity and specificity of each antiserum tested. The specific fungi included in such control grids can be changed as required by each laboratory to be more representative of the types of fungi endemic to a particular geographic location, or those that are morphologically most similar.
The antisera that demonstrated specificity [anti-candidz, antiCryptococcus, and anti-Sporothrix (after adsorption)] are not directed against organisms that are in themselves morphologically identical. However, when these specific antisera are used individually to discriminate between two morphologically similar GMS-or PAS-positive fungi, a positive reaction would provide early and specific identification. Likewise, nonreactivity with a specific antiserum would provide valuable evidence against the presence of a particular suspected fungus, thus better defining the etiology.
The specific antisera reported here should not be considered to be comprehensive in the screening of every genus of fungus that is of research or clinical importance. Many more specific antifungal sera will be needed to address such a problem. In addition, the development of a primary antiserum raised against a universally common fungal antigen would allow detection of any fungus, thereby eliminating the need for multiple special stains, replacing them instead with one screening immunocytochemical method.
Once identified by such a common fungal antibody, immunomycology panels of genus-specific antisera would be used to specifically identlfy the fungus.
It is important to note that four of the antisera described here (anti-Aspergiffus, anti-Blastomyces, anti-Coccidioides, and antiHistoplasma) were not specific in the immunocytochemical assay. Therefore, all commercially available antisera, especially those intended primarily for immunodiffusion or complement fiition reactions, should not necessarily be considered specific.
The findings reported here are not to be construed as evidence in favor of eliminating the use of the cultures, but rather, at the present time, as an adjunct to other methods such as special stains or immunodiffusion assays pending results of specific mycology cultures. Therefore, additional studies will be required to further expand the utility of immunocytochemistry in the identification of the large numbers of fungi that are important to research and clinical infectious disease.
